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ABSTRACT 
The purpose of this study is both theoreti-
cally and experimentally to clarify the 
dynamic stress of a discharge reed valve 
with oval shape, and to get fundamental 
knowledge for the design of this type valve 
and its related parts. The strain measure-
ments were performed on the strain gauge 
bonded on the surface of the oval shaped 
reed valve. The stress and deformation of 
the valve were also calculated by the 
finite element method. These calculations 
were carried out under various differential 
pressures between the discharge plenum and 
cylinder and under the wide range of drag 
forces. Comparing the experimental results 
with the analytical results, the defor-
mation and stress of the discharge valve 
with oval shape were revealed under various 
compressor operating conditions. The de-
sign concept on this type valve and its re-
lated parts was also discussed. 
1. INTRODUCTION 
The trend of refrigeration compressor to-
ward higher and higher reliability and ef-
ficiency continually presents the designer 
with new and ever more intractable problems. 
Among those, there are the behavior and 
strength of the valves which govern the ef-
ficiency and performance of a compressor. 
Many researchers(l)~(6) have conducted a 
lot of studies which can solve fundamental 
problems related to the valve and can 
evaluate its design, thus eliminating the 
time and expense involved in the con-
struction and bench-testing of model. 
Through those studies, a satisfactory math-
ematical model and means of simulation have 
been obtained. However, most of them have 
been carried out on the leaf-type valve. 
Recently, an oval shaped reed valve is 
widely getting employed in the refriger-
ation compressor for use of low temperature 
applications. The major reason of this 
tendency is the severe demands for noise 
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reduction and efficiency. However, the 
dynamic behaviors of the oval shaped reed 
valve have not been clarified so much(7). 
This situation motivated the study de-
scribed in this paper. 
In this study, therefore, the experimental 
and analytical studies have been performed 
on the oval shaped reed valve in order to 
clarify the dynamic stress performances in 
compressor operations. The strain measure-
ments were carried out on the strain gauge 
mounted on the valve surface over the wide 
range of compressor operating conditions. 
The results obtained showed that impact 
stress was negligibly small for evaluating 
the valve strength, and that it was ade-
quate to calculate the valve stress stati-
cally. So, the deformation and stress of 
the valve were statically calculated by 
the finite element method. These calcu-
lations were performed during suction and 
discharge strokes. Through those studies, 
the behaviors of the discharge valve with 
oval shape were revealed, and its design 
concept was clarified. 
2. TEST EQUIPMENT AND TEST PROCEDURE 
2.1 Test Equipment 
The configuration of the discharge valve 
and its related parts is explodedly shown 
in Fig. 1. As can be seen in Fig. 1, the 
oval shaped reed valve was used in this 
test. The valve stop was constituted with 
the arch at the center portion and the 
straight at both ends. The radius and rise 
of the arch were determined from the view 
point of the valve strength. The valve was 
sandwiched between the valve plate and 
valve stop at both ends. A certain spring 
force was applied to the valve by two 
springs which were held with two pins. 
In this test, two-element rosette was used 
for stress measurements. It was bonded on 
the valve surface on the valve stop side 
and was located at the valve center. The 
Discharge port 
Fig.l Exploded configuration of discharge 
valve and its related parts. 
strain gauge was oriented so that its axis 
was in the plane which contained the lon-
gitudinal axis of the valve, thus providing 
a convenient reference for reporting the 
direction of the principal stresses. 
As the strain gauge was bonded on the valve 
stop side, it might contact with the valve 
stop during discharge stroke. So, as shown 
in Fig. 1, a hole with larger diameter than 
gauge length was milled out at the center 
portion of the valve stop and the lead 
wires from the strain gauge were pulled out 
of this hole. The terminal strip was 
bonded on the surface of the valve stop in 
the vicinity of the hole. The lead 
wires from the strain gauge were connected 
to the terminal strip with loop to avoid 
the fatigue failure of the lead wire due to 
the repeated motions of the valve. 
2.2 Test Procedure 
(1) Test under Compressor 
Operating Conditions 
The block diagram of refrigeration cycle is 
shown in Fig. 2. As can be seen in Fig. 2, 
it operated on a combined ideal refriger-
ation and hot gas cycles. After refriger-
ant was compressed by the compressor, the 
hot gas was branched into two cycles. Part 
of the discharge gas was passed through the 
condenser while remainder of the gas was 
Condenser 
Fig.2 Block diagram of 
refrigeration cycle. 
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throttled through the by-pass valve at con-
stant enthalpy. The condensed refrigerant 
was also throttled by the expansion valve 
and two parts of refrigerant were again 
mixed. Mixed refrigerant was passed 
through the evaporator, bringing the final 
state to the compressor suction condition. 
R-22 was used as refrigerant in this test. 
By changing two valve settings and the re-
frigerant charge in the system, the operat-
ing conditions of the compressor were 
adjusted to any required operating con-
dition. These operating conditions were 
determined monitoring the indications of 
the pressure gauges and thermocouples which 
were installed in the suction and discharge 
plenums. 
In this test, the strain measurements were 
carried out under the wide range of corn-
pressor operating conditions. The s-uction 
pressure was changed in the range from 1.1 
kg/cm2 to 3.6 kg/cm2 , and the discharge 
pressure was changed in the range from 12.2 
kg/crn2 to 15.8 kg/cm2 • The outputs of the 
strain gauge were amplified by the dynamic 
strain indicator with the flat frequency of 
14 kHz and then were simultaneously re-
corded on the oscilloscope with the top 
dead center position of the piston, which 
was detected by the electromagnetic pick-up 
attached at the end of the crank shaft. 
(2) Static Test under Pressure Difference 
between Discharge Plenum and Cylinder 
This test was carried out to clarify the 
strain induced in the valve during suction 
stroke. In order to simulate the pressure 
difference between the discharge plenum and 
cylinder during suction stroke in com-
pressor operation, the cylinder of the com-
pressor used in this test was opened to the 
air and compressed air was supplied to the 
discharge plenum from an air compressor. 
so, the pressure difference could be ob-
tained from the pressure in the di-scharge 
plenum. The strain was measured under the 
pressure difference within 8 kg/cm
2
• The 
outputs of the strain gauge were simultane-
ously recorded on the osci'llograph paper 
with the pressure in the discharge plenum. 
3. STRESS ANALYSIS 
Fig. 3 shows a finite element idealization 
for a quadrant of the valve. As shown in 
Fig. 3, the origin was taken at the,valve 
center, and the longitudinal and trans-
verse directions of the valve were defined 
as x and y directions, respectively. The 
valve was subdivided into a number of 
quadrilateral elements which were defined 
by the corner nodal points as shown in Fig. 
3. To improve accuracy, smaller elements 
were used in zone where rapid variations in 
stress were anticipated. 
Fig.3 Finite element idealization 
for a quadrant of valve. 
Fig. 4 shows the cross sectional view of 
the valve deformation and the mathematical 
model for stress analysis during suction 
stroke. As can be seen in Fig. 4, the 
valve is sandwiched between the valve plate 
and valve stop at both ends subjected to a 
certain spring force. When the lateral 
uniform load of p applies to the center 
portion within radial distance r, the valve 
deforms as supported at the periphery of 
the discharge port. The valve deflection 
at both ends seems to be negligibly small 
because the valve was sandwiched between 
the valve plate and valve stop at these 
portions. The assumptions were made in 
this analysis, therefore, that the valve 
deflection at these portions were re-
stricted to zero but the valve were movable 
to the longitudinal direction. 
Fig.4 Cross sectional view of valve 
deformation and mathematical 
model for stress analysis 
during suction stroke. 
Fig. 5 shows the schematic diagram of the 
valve deformation and the mathematical 
model for stress analysis during discharge 
stroke. When the lateral uniform load of 
p applies to the center portion of the 
valve within radial distance r, the valve 
deforms as supported at both ends of the 
valve and subjected to the external force 
F = ko + Fo corresponding to the valve de-
flection at point A, where k, Fo, and o are 
spring constant, initial spring force, and 
deflection of the valve at point A, re-
spectively. Therefore, the assumption was 
made that the valve was simply supported at 
both ends. The stress calculation was per-
formed changing the drag force until the 
valve touched the valve stop. 
189 
t"' kS+Fo 




Fig.S Cross sectional view of valve 
deformation and mathematical 
model for stress analysis 
during discharge stroke. 
The outputs of the finite element computer 
program included the deformation and stress 
in the x and y directions for each node. 
These outputs were plotted on the sheets by 
the plotter. That is, the outputs of the 
deformation were plotted with the overall 
view of the three dimensional model for a 
quadrant of the valve, and the outputs of 
the stress were plotted with the contour 
plots of stress intensity for the plane 
stress. 
4. EXPERIMENTAL RESULTS 
Fig. 6 shows a typical record of the strain 
variations under the suction pressure of 
12.3 kg/cm 2 and the discharge pressure of 
1.1 kg/cm 2 • During expansion, suction, and 
compression strokes, the strains in both 
the x and y directions are compression and 
are almost same amplitude. During dis-
charge stroke, the strain in the x di-
rection is also comparatively large tension, 























Fig.6 Strain vs. time 
Suction pressure: 1.1 kg/cm 2 
Discharge pressure: 12.3 kg/cm 2 
Sweep time: 5 ms/div. 
Fig. 7 shows another typical record of the 
strain variations when the discharge 
pressure got increased from 12.3 kg/cm 2 to 
15.8 kg/cm 2 , and the suction pressure got 
kept the same level as shown in Fig. 6. 
comparing Fig. 7 with Fig. 6, the strain 
amplitudes in the x and y directions in-
crease with increasing discharge pressure 
during expansion, suction, and compression 
strokes. However, the strain amplitudes 
during discharge stroke _are almost same 
even if the suction pressure increases. 
This seems to illustrate that the strains 
during expansion, suction, and compression 
strokes are ruled with the pressure differ-
ence between the discharge plenum and 
cylinder, and that the strains during dis-
charge stroke depend on the valve defor-







"£ -100~ j l" '6 ,., 





Fig.7 Strain vs. time. 
Suction pressure: 1.1 kg/cm
2 
Discharge pressure: 15.8 kg/cm 2 
Sweep time: 5 ms/div. 
Fig. 8 shows the strain variations of the 
valve when the compressor is operated under 
the suction pressure of 2.1 kg/cm
2 and the 
discharge pressure of 12.3 kg/cm
2
• The 
abscissa of Fig. 8 is exaggerated 5 times 
ones of Figs. 6 and 7. From this figure, 
no remarkable impact stress is induced in 
the valve when it touches the valve stop or 
valve seat . 
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2.1 kg/cm 2 
12.3 kg/cm 2 
1 ms/div. 
Many previous researchersC1)~(6) have per-
formed the strain measurements on the leaf-
type reed valve, and have revealed that the 
strain variations of these type valves are 
fluctuation. However, it is clear from 
Figs. 6 and 7 that the strain variations of 
the valve used in this test are alternation 
of tensile and compressive stresses. This 
phenomena is the dominant difference be-
tween the strain variations of the leaf-
type reed valve and oval shaped reed valve. 
This leads to the conclusion that from the 
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view point of bending fatigue, the oval 
shaped reed valve moves in more severe con-
ditions in comparison with the leaf-type 
reed valve in compressor operation, and 
that the alternating stresses must be taken 
into consideration for the design of the 
oval shaped discharge valve. 
5. DISCUSSION 
5.1 Stress during Suction Stroke 
(1) Comparison between Analytical and 
Experimental Results 
Fig. 9 shows the relationship between the 
strains in the x and y directions and the 
pressure difference between the discharge 
plenum and cylinder. The plots shown with 
marks -o- and -•- were obtained from the 
static test below the pressure difference 
of 8 kg/cm 2 , and the plots shown with marks 
o and • were obtained from the test under 
compressor operating conditions. It is 
clear from Fig. 9 that the plots obtained 
from the test under compressor operating 
conditions are located on the lines extend-
ing the plots for the static test. This 
means that the strains obtained from two 
tests are produced in accordance with the 
same mechanism, and that the static test is 
successful to simulate the strain of the 
valve during suction stroke in compressor 
operating condition. 
Pressure differen_ce ( kg/cm2l 
Fig.9 Relationship between strains in 
x and y directions and pressure 
difference between discharge 
plenum and cylinder. 
From Fig. 9, the both lines seem to have a 
knee below the differentia-l pressure of 
about 3.0 kg/cm 2 • The cause of this phe-
nomena is considered to be the warping of 
the valve or the presence of a clearance 
between the valve_and valve seat leading to 
a change in the stress state. These 
factors may lead to da-ngerous abrupt aggra-
vation of the stress if they are large. 
This result seems to mean the requirement 
that the clearances between the valve and 
the load-bearing collar of the valve seat 
should be as small as possible. 
To eliminate the strain caused by the above 
phenomena from the data shown in Fig. 9, 
the test data are replotted with the pres-
sure difference of above 3.0 kg/cm2 • These 
results are shown in Fig. 10 in comparison 
with the analytical results shown with the 
solid and dotted lines. On the basis of 
the good correlation between the results of 
the analytical and experimental values, the 
analytical result seems to have been quite 
satisfactory from the stand point of having 
achieved conditions described in the 
section of stress analysis. 
'g 
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Fig.lO Comparison between strains 
obtained analytically and 
experimentally. 
(2) Deformation and Stress Distribution 
Fig. 11 shows the output of the deformation 
plotted with the overall view of three di-
mensional model for a quadrant of the valve. 
Figs. 12 and 13 show the outputs of the 
stress intensity in the x and y directions 
for a quadrant of the valve, respectively. 
From Fig. 10, it is clear that the defor-
mation of the valve is three dimensional at 
the center portion, which takes place as 
"' Fig.ll Output of deformation plotted with 
overall view of three dimensional 
model for a quadrant of valve dur-
ing suction stroke. 
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Fig.l2 Contour plots of stress intensity 
of valve in x direction during 
suction stroke. 
~~-20~-~12u-4_---------------~L-----. ~~--~-x 
( kg/mm2 ) 
Fig.l3 Contour plots of stress intensity 
of valve in y direction during 
suction stroke. 
simply supported at the periphery of the 
discharge port. Deviating away from it to 
the x direction, the deformation of the 
valve gradually changes to two dimensional 
deformation in the plane contained in the 
plane of the valve. As can be seen in 
Figs. 12 and 13, the stress becomes maximum 
at the valve center in both the x and y 
directions. The stress in the x direction 
becomes comparatively large in the vicinity 
of the periphery of the discharge port, but 
that in the y direction gradually decreases 
with deviating away from the valve center. 
Summing up these results, it is noticed 
that the dominant strain which may effect 
on the valve strength is produced at the 
center of the valve during suction stroke, 
and is caused by the pressure difference 
between the discharge plenum and cylinder. 
The presence of this phenomena has already 
been predicted and discussed by the previ-
ous researchers(7)~(10), but they are 
limited within qualitative discussion. Two 
out of authors have also revealed the pre-
sence of this phenomena on the ring valve 
in the previous paper(ll) from both experi-
mental and analytical points of view. 
Through this study, the same phenomena has 
also revealed on the oval shaped reed 
valve, and it has made possible to estimate 
quantitatively the stress of the valve dur-
ing suction stroke. 
5.2 Deformation and Stress During 
Discharge Stroke 
(1) Comparison between Analytical and 
Experimental Results 
The purpose of the valve stop is to allow 
the use of a more flexible valve while 
preventing excessive strain by restricting 
the maximum opening. The span and radius 
of the valve stop of this type are 
generally determined from the view point 
of the valve strength. In order to make a 
study of the valve dynamics, and to under-
stand the effects of various design con-
siderations on the valve strength, it is 
necessary to determine under what loading 
conditions the valve is striking the valve 
stop and how much maximum stress is pro-
duced. This was accomplished most con-
veniently by finding the plateau level of 
the maximum strain. 
Fig. 14 shows the relationship between the 
maximum strain and suction pressure as a 
parameter of the discharge pressure. Fig. 
14 also shows the calculated maximum strain 
with the solid line. Below the suction 
pressure of 2.0 kg/cm 2 , the maximum strain 
tends to increase with increasing suction 
pressure. Since the rate of gas flow in-
creases with increasing suction pressure, 
it seems that this region referes to con-
ditions for no contact. Beyond the suction 
pressure of 2.0 kg/cm 2 , as expected, the 
maximum strain becomes the plateau level in 
spite of increasing suction pressure. This 
means that the valve motion is more re-
stricted by the valve stop beyond the 
suction pressure of 2.0 kg/cm2 , and that 
the strain signal could be a reliable indi-
cator for valve contact. 
!> OiSt;;hl:ln)l p..essure · 12.:3 kg/em~ 
D D•sehOftJI!: ~re : 13.9 kg/em~ 
0 Di:scl"'a~e p~s!ilu~ 15 8 kg/em' 
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Fig.l4 Maximum strain vs. suction pressure 
during discharge stroke. 
On the basis of the good correlation be-
tween the maximum strains of the analytical 
and experimental values beyond the suction 
pressure of 2.0 kg/cm 2 , the analytical re-
sult seems to have been quite satisfactory 
from the stand point of having achieved 
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conditions described in the section of 
stress analysis. 
(2) Deformation and Stress Distribution 
Fig. 15 shows the output of the deformation 
plotted with the overall view of the three 
dimensional model for a quadrant of the 
valve. Figs. 16 and 17 show the outputs of 
the stress intensity for a quadrant of the 
valve in the x and y directions, re-
spectively. These results are calculated 
under unit pressure. 
Fig.lS Output of deformation plotted with 
overall view of three dimensional 
model for a quadrant of valve dur-
ing discharge stroke. 
Fig.l6 Contour plots of stress intensity 
of valve in x direction during 
discharge stroke. 
( kg/mm• ) 
Fig.l7 Contour plots of stress intensity 
of valve in y direction during 
discharge stroke. 
As can be seen in Fig. 15, two dimensional 
deformation is observed in the valve dur-
ing discharge stroke, that is, the valve 
deforms like a beam simply supported at 
both ends, admitting the refrigerant gas 
into the discharge plenum. Figs. 16 and 17 
show that the maximum stress in the x di-
rection occurs at the valve center while 
the stress in the y direction is compara-
tively small. This leads to the conclusion 
that the valve stress during discharge 
stroke is caused by the flexural defor-
mation of the valve subjected to the drag 
force. 
Within this experiment, the stress during 
discharge stroke is larger than that during 
suction stroke. This means that the oval 
shaped reed valve is subjected to mean 
stress in addition to alternating stresses 
in tension and compression. Since these 
stresses seem to be the most significant 
in affecting life prediction of this type 
valve, it is considered desirable to take 
them into consideration for the design of 
the oval shaped reed valve. 
5.3 Recommendation for Stress Reduction 
As mentioned above, the stress during dis-
charge stroke is ruled with the deformation 
of the valve which is restricted by the 
valve stop. The reduction in stress during 
discharge stroke, therefore, may easily be 
attained by determining the suitable shape 
and dimension of the valve stop. 
On the contrary, the stress during suction 
stroke depends on the diameter of the dis-
charge port. The stress reduction, there-
fore, is also attained by decreasing the 
diameter of the discharge port. However, 
this leads to increasing the resistance to 
admit the refrigerant gas into the dis-
charge plenum, following to reduction in 
efficiency. To avoid this problem, another 
way is considered, in which the multi ports 
are located on the valve line of synmmetry. 
However, with multi port design, gas flow-
ing from the side of the port which is 
adjacent to the other port is confined be-
tween, the valve and valve plate, and col-
lides with the gas flowing from the other 
port. This interaction of the gas flowing 
from the two ports may reduce the flow rate 
of refrigerant gas from both ports.-
In order to cope with this inconsistent 
problem, an oval shaped discharge port is 
developed of which the major axis is ori-
ented to the direction of the valve line. 
The area of this port is designed to be 
equivalent to that of the multi port 
so that compressor performance is not 
affected. With the single discharge port 
with oval shape, the gas expands trans-
versely to the valve line between the valve 
and valve plate. As a result, the pressure 
of the gas between the valve and the valve 
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plate is caused to be lower. 
Fig. 18 shows the relationship between the 
maximum stress and the ratio of the length 
of the major axis to that of the minor 
axis, keeping the discharge port area con-
stant. As can be seen in Fig. 18, the 
stress in the x direction gradually de-
creases with increasing the length of the 
major axis and then reaches to a plateau 
level. While the stress in the y direction 
at first tends to increase slightly with 
increasing the length of the major axis but 
later becomes almost constant with it. 
This means that the deformation of the 
valve becomes to be ruled _with tlle only de-
formatioa in the y direction at the region 
beyond a given length of the major axis. 
5 
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Fig.lB Relationship between stress 
and ratio of length of major 
axis to that of minor axis. 
This result illustrates that if suitable 
length of the minor axis is determined from 
the view point of the valve strength, 
larger effective flow area of the discharge 
port could be expected, leading to higher 
efficiency. 
6. CONCLUSION 
The results obtained from this investi-
gation are as follows. 
(1) The alternating stresses in tension and 
compression are produced in the oval 
shaped discharge valve during every 
suction and discharge strokes. The 
impact stress, however, is negligibly 
small for evaluating the valve strength. 
(2) The mean stress is also produced in the 
valve due to difference between the 
stresses during discharge and suction 
strokes. In the design of this type 
valve, therefore, it is considered de-
sirable to take both alternating and 
mean stresses into consideration. 
(3) The stress during suction stroke is 
caused by the flexural deformation of 
the valve subjected to the pressure 
difference between the discharge plenum 
and cylinder. This str,ess depends on 
such des.ign· parameters as the diameter 
of the discharge port, the flexural 
stif:!3ness of the valve, and the exter-
nal restriction to the valve de.:Eorma-
tion at both end~. 
(4) The stress during discharge stroke is 
caused by the flexural deformation of 
the valve subjected to drag force. 
This stress is ruled with such design 
parameters as the flexural s-tiffness 
of the valve, the valve l,engt-h, the 
radius and height of the valve stop, 
and the external re-striction to the 
valve deformation at both, ends. 
(5) Reduction in stress during di:scharge 
stroke is easily attained by deter-
mining the suitable shape and'dimension 
of the valve stop.. However, reduction• 
in stress during suction stroke accom-
panies with some hard problems such as 
loss of gas flow area and i:nteraction 
of gas flow. 'ro cape with· this pro-
blem, the oval shaped discharge port 
has been proposed in this paper. 
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